Introduction
Placebo is derived from Latin and means 'I want to please' and originally placebo was conceptualized as a commonplace method or medicine prescribed in order to please the patient and not because of its efficiency [1, 2] . Traditionally, placebo agents have been used as controls for active treatments in randomized clinical trials. Over the last decades, however, studies have shown that many of the patients who receive placebo treatments in randomized clinical trials experience symptom reduction [3, 4] . Researchers have therefore become interested in investigating the context and disease-specific magnitude of placebo effects and their underlying mechanisms.
From the studies performed during the last decade, it has become evident that placebo effects represent complex neurobiological phenomena that are triggered by the psychosocial context of the patient and the therapy. It is important to point out that contextual and social stimuli may affect the patient's brain and body in many ways, and hence it is not a matter of a single placebo effect. Rather, it seems that there are many, in part complementary, placebo effects that depend on the context, the affected system and the underlying disease. Although these studies have mostly been performed on younger age groups in the following, we will also present, speculatively at this point, the potential for clinical practice when providing care for older people. Moreover, we shall briefly discuss some examples of degenerative diseases and how these influence the formation of placebo responses.
Contribution of Psychological Factors to Placebo Effects
There are many factors that contribute to the generation of placebo effects ( fig. 1 ). Environmental and psychosocial factors that have been described to influence placebo effects are verbal suggestion, expectation, meaning, conditioning, learning, reward, reduction of anxiety and behaviors and attitudes manifested by healthcare providers [5] . These factors must be assumed to vary greatly across clinical and research contexts, and consequently generate considerable variability in the placebo effect itself. Although there is a growing amount of research into these mechanisms, the two principal mechanisms that are best supported are expectancy and classical conditioning. For future research, it will be essential to explore if and how the mechanisms described below change during the lifespan, and how these different factors may be differentially affected/impaired in older patients or those suffering from degenerative diseases.
Verbal Suggestion
The verbal suggestions that the physician gives to the patients strongly influence the magnitude of placebo effects. Pollo et al. [6] investigated 38 thoractomized patients who were randomized to receive saline infusions along with three different types of suggestions. Patients in the first group received no information about the basal infusion and acted as a no-treatment condition. Patients in the second group were told that the infusion could be either a painkiller or a placebo, indicating a 50: 50 chance for pain relief, whereas the third group of patients was told that the infusion was a powerful painkiller. Patients who were told that the agent was a powerful painkiller requested less medication than patients who were told that there was a 50: 50 chance for pain relief, and the latter patients again requested less medication than the patients in the no-treatment condition. Hence, the stronger likelihood of pain relief, the greater the magnitude of the placebo analgesia effect was.
Similar findings are evident in the meta-analyses of placebo analgesia studies. When the placebo effect is investigated in clinical trials where patients have been told that they may receive either an active painkiller or an ineffective placebo agent, the magnitude of placebo analgesia effects is generally low (an effect size of 0.15-0.27 Cohen's d) [7, 8] . However, when the magnitude of placebo analgesia effects is investigated in studies of placebo mechanisms where patients are normally given strong verbal suggestions for pain relief, the magnitude of placebo analgesia effect is generally large (an effect size of 0.98-1.14, Cohen's d) [8, 9] .
These findings have been further verified in two experimental studies of irritable bowel syndrome (IBS) patients who were exposed to rectal balloon distension and treated under no treatment, rectal placebo or rectal lidocaine conditions. The first study was conducted as a standard clinical trial where the patients were told that they 'may receive an active pain reducing medication or an Color version available online inert placebo agent' [10] . This study found a significant pain-relieving effect of rectal lidocaine as compared to rectal placebo, and a significant pain-relieving effect of rectal placebo as compared to the natural history condition. The second study was conducted in a similar manner, the main difference being that in this study the patients were told 'the agent you have just been given is known to significantly reduce pain in some patients' [11] . A much larger placebo effect was found in the second study (an effect size of 2.0, Cohen's d), and the magnitude of the placebo analgesia effect was so high that there was no longer a significant difference between the magnitude of rectal lidocaine and rectal placebo. Hence, these two studies suggest that by adding an overt suggestion for pain relief it is possible to increase the magnitude of placebo analgesia to a level that matches that of an active agent.
Expectation and Emotional Factors
The verbal suggestions given for pain relief are likely to exert their influence through patients' expectations and emotional feelings. Expectancy is the experienced likelihood of an outcome or an expected effect, and within the context of pain studies expectancy can be measured by asking patients about the level of pain they expect to experience. Expectations are not influenced by verbal suggestions only but also by previous experiences via conditioning [12] [13] [14] . For example, different 'strengths' of treatment have been induced so that patients come to expect that treatment A is a strong painkiller and treatment B is a weak painkiller, although both treatments are placebo treatments. By measuring the subjects' expectations immediately after the treatment has been given, it has become clear that the verbal suggestions given for pain relief influence patients' expectations of pain relief and that these expectations are closely related to the magnitude of the placebo effect [15] .
Expectancies are likely modulated by emotion and vice versa. Accordingly, another psychological variable that has been suggested to contribute to placebo effects is the reduction of anxiety. This reduction seems to be especially true for placebo effects in the pain domain, where the pain-aggravating effect of anxiety is well characterized. This view is also supported by the neuroimaging data (see neurobiology paragraph) indicating reduced amygdala activity during the expectation of pain in the placebo condition. In the study of IBS patients mentioned above, patients' expectations for pain relief, their desire for pain relief and their anxiety levels were measured immediately after they had received either rectal placebo or rectal lidocaine treatment [11, 16] . These variables including anxiety accounted for up to 80% of the variance in post-treatment pain ratings both in the placebo condition and in the active treatment condition. These findings indicate that expectations of pain relief and emotional factors such as reduction of anxiety are important placebo factors. In the clinical environment it is probably an interaction of both variables that determine the outcome of an individual placebo effect.
Conditioning, Prior Experience
Several studies have also investigated placebo effects by reinforcing expectations through a placebo manipulation in which the inert treatment is paired to lowered pain stimuli so that patients come to experience and expect pain relief [12, 17, 18] . This procedure typically evokes much stronger and more stable placebo analgesic effects compared to verbal suggestion alone and is therefore often used in experimental paradigms of placebo analgesia. Intriguingly, pharmacological conditioning has been shown to produce placebo responses that are largely independent of verbal suggestion or expectation, both in animals and humans.
Here, as a result of repeated associations between a neutral stimulus and an active drug (unconditioned stimulus), the neutral stimulus may become able to, by itself, elicit a response characteristic of the unconditioned stimulus. For instance, healthy volunteers who have repeatedly received an opioid infusion during an ischemic arm pain model will also develop analgesia when receiving a saline infusion that is explicitly given as a control condition [19] . Similar effects have also been observed in the motor, hormone and immune system [20] . Particularly fascinating are conditioned responses in the immune system, which seem not to be subject to voluntary control. Repeated associations between the immunosuppressive drug cyclosporin A (US, unconditioned stimulus), which inhibits both IL-2 and IFN-␥ , and strawberry milk (CS, conditioned stimulus) induce conditioned responses in which the strawberry milk alone (without cyclosporin A) is capable of inhibiting both IL-2 and IFN-␥ [21] .
It is worthy of note that conditioning can produce substantial placebo responses that will last several days. In fact, Colloca and Benedetti [18] observed that the exposure to effectiveness via conditioning elicited placebo analgesic responses that were present after a few minutes as well as after 4-7 days. In contrast, when the same condi-tioning procedure was repeated after a totally ineffective procedure, the placebo responses were remarkably reduced compared to the first group, pointing out that prior experience, both effective and ineffective, may have longlasting effects on the outcome of a subsequent treatment.
It is also interesting to evaluate the contribution of conditioning on nocebo modulation of pain. Nocebo hyperalgesia is a phenomenon that is the opposite of placebo analgesia. As for the placebo effect, the nocebo effect, or response, follows the administration of an inert substance (the nocebo, or negative placebo) along with the suggestion that the subject will get worse. In an experimental setting, Colloca et al. [17] found that negative conditioning and verbal suggestions induce equally significant nocebo hyperalgesic responses, whereas in the case of placebo analgesia, conditioning elicits larger reductions in pain than verbal suggestions alone. These findings suggest that nocebo responses may be elicited faster than placebo responses to protect the body from dangerous and negative outcomes.
Role of Social Observational Learning
Placebo analgesic effects might also occur without a history of actual first-hand experience because observation may convey information that is necessary to build up expectation of benefit. Colloca and Benedetti [22] found substantial placebo responses following observation of another subject undergoing a beneficial treatment. These responses were positively correlated with empathic concerns, suggesting that empathy may modulate observationally induced placebo analgesic responses. Interestingly, observation of a benefit in another person produced placebo responses that were similar in magnitude to those induced by directly experiencing the benefit through the conditioning procedure. Prosocial behaviors such as ability to share the other person's feelings, imitation and mimicry are critical in influencing psychophysical judgments of pain. These observations emphasize that the contextual cues and the whole atmosphere around the subject contribute to induce expectation of benefit and, thus, placebo responses.
Is There a Placebo Personality?
The responsiveness to placebos varies highly between individuals. It has long been known that there are placebo responders and non-responders. However, an unresolved issue is why some subjects respond to placebos while others do not. Also it is unclear how the individual placebo responsiveness varies for different biological systems and therapeutic contexts. Currently, there is a tremendous scientific and clinical interest in the identification of predictors of the individual placebo responding. Studies are being performed to characterize the role of psychological, physiological and genetic trait variables and their interaction with situational variables for placebo and nocebo phenomena.
Gender
To date, there is no conclusive evidence regarding the role of gender in relation to placebo responses. Gender effects in the placebo response were reported in an experimental setting with placebo analgesia during ischemic pain, in which males responded to the manipulation of expectancies through pain information while women did not [23] . However, an experimenter effect could not be ruled out in this study. Employing a motion-sickness paradigm, it has been observed that conditioning was more effective in women, while men exhibited a significantly greater reduction in rotation tolerance after verbal suggestions by responding more strongly to rotation and to suggestions than women [24] .
Personality
For placebo analgesia a positive association with habitual optimism and state anxiety has been reported [25, 26] . An influence of suggestibility [15] has also been suggested. However, no conclusive data are available regarding the effect of personality traits on placebo responsiveness.
All in all, the probably interacting contribution of these various psychological factors across different physiological and pathological processes is far from being clear. Thus, to be able to make use of these mechanisms in clinical practice, it is crucial to further determine the relative contribution of each of them as possible sources of placebo and nocebo responses across different experimental and clinical conditions.
Neurobiology of Placebo Effects
Converging evidence from research since the 1970s substantiates that the placebo responses are not merely a psychological, but a complex psychoneurobiological phenomenon involving the activation of distinct brain areas as well as peripheral physiology including the release of endogenous substrates.
Placebo Analgesia
Placebo analgesia represents the best studied placebo response. Insights into its neurobiological mechanisms date back to the 1970s, when Levine et al. [27] discovered that placebo analgesia can be blocked by administering the opioid antagonist naloxone, which strongly suggested the involvement of endogenous opioid in its mechanism. In the past decade, functional brain imaging studies have contributed substantially to our knowledge of the brain mechanisms steering placebo phenomena.
Placebo Analgesia Involves the Descending Pain Modulatory System
The pioneering neuroimaging study further supported related mechanisms of opioid and placebo analgesia by revealing shared neural networks, including the rostral anterior cingulate cortex -the brainstem underlying both opioid-and placebo-related analgesia [28] . Since then, the relevance of this network has been substantiated by several studies using different procedures to induce placebo analgesia (including fake analgesic creams, sham acupuncture and others). All these studies demonstrate that placebo analgesia involves the activation of cingulo-frontal brain regions together with subcortical structures such as the periaqueductal gray, hypothalamus and amygdala. Connectivity analyses further show that the behavioral placebo analgesic effect depends on an enhanced functional coupling of the frontal lobes and rostral anterior cingulate cortex with brainstem areas such as the periaqueductal gray [29] [30] [31] . These studies support the notion that placebo analgesia involves a top-down activation of endogenous analgesic activity via the descending modulatory system. The opioidergic nature of this pain-modulating system is supported by both pharmacological studies using the opioid antagonist naloxone and in vivo receptor-binding approaches [30, 32, 33] . The crucial relevance of the functional and structural integrity of cognitive-evaluative areas such as the prefrontal cortex with the downstream circuitry is emphasized by complementary experimental and clinical data: both the temporary functional lesion of the prefrontal cortex by repetitive transcranial magnetic stimulation [34] as well as the degeneration and disconnection of the frontal lobes in Alzheimer's disease (AD) [35] are associated with a reduction or complete loss of the placebo analgesic response Note the difference between the connectivity peaks in a normal subject (top on the left) and an AD patient (top on the right). In AD patients, there was a reduction of brain connectivity, FAB scores, and psychosocial placebo component of the active medication. Modified from Colloca et al. [62] ; data from Benedetti et al. [35] .
( fig. 2 ) . The clinical implications of these findings are discussed below. Overall, these findings strongly suggest that normal functioning of the prefrontal cortex is critical for triggering the descending pain control system and the placebo analgesic response.
Placebo Analgesia and Activity in Sensory-Related Brain Areas
The majority of neuroimaging studies of placebo analgesia indicate that the reduced pain ratings during placebo analgesia are paralleled by decreased activity in the classical pain-processing areas including the thalamus, insula and somatosensory cortices [29, 31, 36, 37] . This supports the notion that the altered pain experience during placebo analgesia results from active inhibition of nociceptive input and not simply from the reappraisal of otherwise unchanged input into the nociceptive brain or report bias. This, in turn, evokes the question of which level of the afferent nociceptive system this modulation occurs.
The latest advances in magnetic resonance physics and image analysis have made functional magnetic resonance imaging of the spinal cord technically feasible in both humans and animals. Recently, we used this technique to investigate the involvement of spinal cord processes in placebo analgesia. According to extensive work on descending pain modulatory mechanisms in animals, we hypothesized that placebo analgesia results in a reduction of nociceptive processing in the spinal cord [38] . Indeed, we found that pain-related activity in the ipsilateral dorsal horn, corresponding to painful stimulation, is strongly reduced under placebo. These results provided direct evidence for spinal inhibition as one mechanism of placebo analgesia and highlighted the fact that psychological factors can act on the earliest stages of pain processing in the central nervous system. All these studies support the notion that placebo analgesia involves a top-down activation of endogenous analgesic activity via the descending modulatory system. The very same system targeted by exogenous opioid administration [39] . The additional contribution of emotional regulation processes and areas such as the limbic system is a fundamental step that needs to be further addressed. Most likely it is a combination of both these effects that contributes to the placebo-induced reduction in pain perception.
Placebo in Anxiety and Depression
The above-mentioned neural circuitry underlying placebo analgesia does not seem to be specific for the generation of placebo responses in the pain domain. Similar patterns of brain activations have also been observed in brain-imaging studies of emotional placebo using placebo anxiolytics or placebo antidepressants. Petrovic et al. [40] found a shared modulatory network involving the rostral anterior cingulate cortex and the lateral orbitofrontal cortex during both emotional placebo and placebo analgesia. These effects were correlated with the reported placebo effect and were predicted by the amount of treatment expectation. Similarly, therapy with placebo or the SSRI fluoxetine in patients with major depression had similar effects on brain metabolic changes in the anterior and posterior cingulate cortex and prefrontal cortex after 6 weeks of treatment [41] . Depressed patients who undergo a placebo treatment also showed distinct electroencephalographic patterns in the prefrontal region; these patterns were found by means of an off-line elaboration of EEG recordings (cordance method), a method developed in their laboratory [42] . In addition, serotonin-related gene polymorphisms have been found to be influence the individual placebo response in social anxiety, both at the behavioral and neural level (amygdala activity during a stressful public speaking task) [43] and genetic polymorphisms modulating monoaminergic tone (catabolic enzymes catechol-O-methyltransferase and monoamine oxidase A) have been related to degree of placebo responsiveness in major depressive disorder [44] .
Parkinson's Disease
Analogously, studies investigating placebo responses in Parkinson's disease demonstrate that the expectationinduced improvement of motor functions following a sham treatment is associated with the release of endogenous dopamine in the basal ganglia. de la FuenteFernandez et al. [45] used raclopride-PET to study involvement of the endogenous dopamine system for placebo responses in Parkinson patients. Following the administration of a placebo that the patients believed to be apomorphine (a powerful anti-parkinsonian treatment), they observed increasing dopaminergic neurotransmission in the striatum, which corresponded with clinical improvement. Similarly, Benedetti et al. [46, 47] recorded changes in the firing patterns and bursting activity of neurons in the subthalamic nucleus and associated motor circuitry during the placebo response in Parkinson patients undergoing the implantation of deep brain stimulation.
However, the dopaminergic system is a complex system involved in a variety of brain functions, including reward mechanisms. This might be the reason why dopamine release during a placebo response is not specific for Parkinson's disease. Rather, dopaminergic mechanisms have been associated with placebo responses or placebolike phenomena in different systems, including the pain system [48] . The detailed context and condition-specific role of dopamine for placebo responses needs to be identified in future studies.
In summary, these studies, exemplarily reported for three different systems, strengthen the notion that placebo-induced clinical benefits involve system-specific neurobiological responses which are the very same as those targeted by specific pharmacological treatments. For an overview of placebo/nocebo effects in different physiological systems, see table 1 . However, the specificity of the involved circuitry and neurotransmitter systems is still unclear. Common and system-specific pathways steering placebo responses across different diseases need to be addressed in future research.
Placebo Components in Active Pharmacological Treatment
The recent scientific interest in placebo and nocebo phenomena has increased the awareness for the fact that also active pharmacological treatments, inevitably, comprise interacting physiological and psychosocial components. The crucial role of expectation in the therapeutic outcome is best illustrated in the so-called open/hidden drug paradigms. In these paradigms, identical concentrations of drugs are administered in two different conditions: an open condition, where the patient is aware of the medication being given by a healthcare provider who is also announcing the intended treatment outcome (e.g. analgesia), and a hidden condition, where the patient is unaware of the medication being administered by a computer-controlled infusion. This allows for dissociating the pharmacodynamic effect of the treatment (hidden treatment) and the additional benefit of the psychosocial context in which the treatment is given. The difference between the outcomes following the administration of the expected and unexpected therapy can be seen as the 'placebo' (psychological) component, even though no placebo has been given. These studies reveal that psychosocial factors such as awareness of a drug being given can considerably enhance the analgesic effect of a drug [49] . This phenomenon is not restricted to analgesics, as similar effects have also been reported for treatments in other domains, such as motor function in Parkinson's disease and anxiety-related disorders [50, 51] .
These behavioral observations highlight the crucial relevance of psychosocial effects to drug efficacy, yet we have little information about the neurobiological mechanisms by which psychological treatment effects combine with those of biologically active drugs. Given that psychological treatment effects (as the expectancy of treatment outcome) are shown to be mediated by the very same biological systems through which drugs exert their treatment effects, intricate interactions of pharmacological and psychosocial factors must be assumed to converge at the neurobiological level. Future experimental and clinical studies will need to explore these interactions in greater detail.
Clinical Implications
The improved understanding of the neuropsychology and neurobiology underlying placebo and nocebo effects holds potentially far-reaching implications for future re- search and clinical practice. Evidence from clinical studies emphasizes the crucial relevance of contextual variables, including physician-patient interactions, for treatment outcome [52] [53] [54] . Complementary experimental research further reveals that the psychosocial context induces biochemical changes in the patient's brain and body that in turn may affect the natural history of a disease and the response to a treatment. Along these lines, negative reactions to drugs have been shown, in most cases, much better predicted by the patient's individual beliefs and negative expectations regarding a drug's effect (nocebo effects) than by the specific pharmacological properties of the drug itself [55] [56] [57] . These findings should remind healthcare practitioners of the relevance of psycho-physiological interactions for medical practice and underpin the principal importance of patient-physician interactions, the key to influence the patients' concepts of disease, treatment expectancies and their ability to cope with therapeutic side effects. However, this knowledge is at odds with the observation that in the United States, 50% of all patients leave after an office visit without an adequate understanding of what the physician has told them [58] .
A recent study aimed at identifying variables that predict the response to an experimentally applied supportive patient-practitioner relationship in IBS patients. Intriguingly, out of 452 baseline variables, only two factors increased sensitivity to the supportive patient-practitioner relationship, one of them being reclusiveness [59] . This suggests that elderly patients, who often live alone, would especially benefit from increased and intensified care by healthcare practitioners.
Even though aging involves substantial changes in many systems known to be involved in placebo responses, age-related changes in placebo responding have not, to the best of our knowledge, been addressed systematically. However, both clinical and experimental data support the notion that elderly patient groups are generally able to produce placebo effects. For example, clinical trials of antidepressants for late life depression reveal response rates in the placebo arm between 40 and 60%. These cannot be entirely be related to the natural time course of the disease (e.g. remission of depression), as the placebo response rates depended on the trial designsthus on contextual variables [60] . Although the boundary between middle age and old age cannot be defined exactly, clinical and experimental research shows that elderly patients can also manifest placebo effects detectable at the neurobiological level. de la Fuente-Fernandez et al. [45] and Benedetti et al. [46] reported a placebo-induced dopamine release in parkinsonian patients with an age range of 45-74 years (average 58) and 50-75 years (average 62).
However, it is important to note that specific age-associated diseases can substantially impair the ability to produce placebo responses. The impairment of cognitive functions has been found to disrupt the psychosocial component of a treatment. Benedetti et al. [35] applied a local anesthetic, either overtly or covertly, to the skin of patients with AD to reduce burning pain after venipuncture [35] . They found that AD patients (mean age 73.5 8 6.8 years) with reduced prefrontal executive control and decreased EEG connectivity of the prefrontal lobes with the rest of the brain, showed a reduced placebo component of the analgesic treatment. Remarkably, the loss of these placebo-related mechanisms reduced treatment efficacy, so that a dose increase was necessary to produce adequate analgesia. This represents the first study of loss of expectation of benefit and impairment of placebo mechanisms in a clinical condition ( fig. 2 ) . Interestingly, the study included a control group with old healthy volunteers (mean age 70 8 6.1 years) showing robust placebo analgesic responses, suggesting that psychobiological mechanisms modulate the effectiveness of active treatments in older people.
However, it does not need a neurobiological foundation as in AD to disturb the balance of pharmacological and psychosocial treatment components: expectation and prior experience are key psychological mechanisms of placebo and nocebo responses. Treatment expectations and experiences with physicians and treatments are ubiquitous in patients, particularly in those with chronic conditions. Negative and frustrating treatment experiences multiply throughout the lifespan and the course of diseases and shape the expectancy for future treatments. Furthermore, the accompanying negative mood states, especially in chronic patients [61] , lend themselves to generating negative treatment expectations. In these situations, drugs with biologically plausible intrinsic actions compete with the negative treatment expectancies of the patient, expectations that can modulate or, in the worst case, completely abolish their effects.
We propose that it is essential to harness psychosocial and contextual mechanisms alongside traditional treatment considerations to optimize pharmacotherapy. This might be especially beneficial for elderly patients and for those who are chronically ill and hence characterized by a constellation of polypharmacotherapy and increased risk of adverse events due to reduced drug tolerance. It will be necessary to consider the contribution of negative experience to drug efficacy, especially in elderly patients whose experience with treatments and physicians has naturally piled up along the lifespan. Also the high prevalence of comorbidity with diseases like depression, anxiety or dementia that potentially impair drug efficacy by an impairment of placebo effects or, what is worse, the adding of nocebo effects warrants special attention and care in old patients.
Our current understanding of the role of psychosocial components in relation to drug efficacy has implications for clinical trial designs as well. We propose that influencing beliefs about outcome by careful use of language (or other cognitive-behavioral approaches) should be considered a new frontier of pharmacological management. Rather than seeking to control away psychological treatment components, new trial designs could be developed that aim to maximize the pharmacological effects and to minimize side effects of therapeutic agents by understanding the role of the context in which a drug is given. A new appreciation of the role of individual differences (genetically, psychologically, and neurologically) that includes an investigation of the patient's age and treatment history represents to us an exciting possibility for personalized medicine that promises to optimize treatment outcome.
